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l- Country Basic Data

l.1l. Egypt covers an area of about one million square
kilometers of which the Nile Valley represents only 4%. The
total cultivated area is about 30,000 Km® and much of the
country's efforts today is directed toward land reclamation

and building new cities in the non-cultivable areas,

l.2, Present population is nearly 42 millions and is
expected to reach 66 millions by the year 2000. Rural
population represents about 55% of the total, and with
intensive efforts for industrialization and the

mechanization of agriculture this percentage is expected

to go dOWﬁ.

1.3, TFor the fiscal year 1980/1981, GNP in current
market prices is estimated at 16266 million L.E. (Egyptian
vounds) (¥, app is estimated at 14508 million L.E. and the
per capita GDP at 345 L.E. or nearly $490.

l.4. The following is a tentative percentage distribution
by sector of the GDP for the year 1980/1981:

Agricultufe 20.6
Petroleum 18.5
Industry 13,2
Trade and Finance 17.2
Public & Social Services 14.9
Suez Canal & Tourism ' 5.2
Trensportation and Communications 3.6
Construction 4.7
Others 2.1
100.0

——

(2) one US $ = 0.70 L.E.




1.5. For the fiscal year 1980/1981 Egypt's imports are
catimated at 5413 million L.E., of which 72% 1s capitel ang
intermédiate goods and 28% is consumer goods. Invisible
payments are estimated at 440 million L.E., to bring total

current foreign payments to 5853 million L.E.

Total current foreign revenucs are cstimated, for the
same year, at 5019 million L.E., Nearly 4455 of these revenues
are invisible (Suez Canal, tourism, . transfcrs by expairiafe
and other sources), 38% by petroleum cxports and 18% by

industrial and agricultural exports,

The balance of payments is expected to reveal a deficit
of about 834 million L.E. (nearly 1200 million) down Irod
& deficit of 1095 million L.E. ($1565 million) a year beforé

1.6, The central government's domestic revenue is

€xpected to reach 5925 million I.E. during the fiscal yeer

1980/1981. Current expenditurés‘are expected to equal

dom i ;
estic revenues, In addition, capital expenditures are

estimated at 3200 million L.E. ($4570 million) to be £inancet

by reve 2
J Hues irom export sectors (mainly petroleum, Suez

Canal and tourism),

Priorities in the Five-Year Development Plan, The details ’
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the new 1980/81-1984/85 Plan are not yet available, but
its total planned inveétment is estimated at nearly 25
billion L.E. The Plan aims at accelerating the GDP at
an average rate of 10% per annum, compared with nearly
8% during 1978 and 1979. Greater emphasis is given to
economic and social infrastructure, mainly to cope with
one of the major problems, ie, the alarming increase of
population. Investment needs for rural development are

given a priority, and measures have been taken to regionalize

and decentralize development efforts.

The Five-Year Plan major break-down is as follows:

%
Housing and related infrastructure 21.0
Transport and communications 17.5
Agriculture and food security 19.2

Export sectors (oil, Suez Canal, tourism) 13.5

Industry 11.1
Social services (education, health, etc.) 9.5
Development of non-oil energy supplies 6.9
Others 1.3

100.0

1.8, TForeign investments and agsistance play an
inportant role in investment financing, but a major shift
in the use of domestic resources aims at financing an

. average of 65% of the Plan's requirements.



2— Energy Demand and Supply

2.1l. Present Energy Demand

The comumercicl prinary cnergy demand in bgypt
has increased during “he period 1952-1981 from ncorly 3
million tons of oil (with no hydropower) to nearly 17
millioh.tons of 0il equivalent (toc), witi hydropower
accounting for nearly 20/5. Petrolcwa products account
Tor the remainder. Out of the 80% petroleum share, nearly
16 percentage points go ftnto thermal electricity
generation, thus bringing the total snare of electricity
to 36%. A rough estimate of present non-~conuiercial cnergy
sources may ve in the order of 3 million toe, thus
bringing the gross total primary energy demand in 1981 to

about 20 million toe.

One of the most alarming aspects in recent years has

been the fagt growing rate of energy consumption as

indicated by the figures in tables (1) and (2) reflecting
electricity and direct petroleum products consunptions.
For the period 1975-1981, the average annual rate of growih

in consumption has exceeded 11% for petorleum and 14% for

electricity. As two thirds of the liile's ultimate hydropoe

potential are already developed and utilized, thermal power

generation has been growing in recent years at an annual
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rate of nearly 21% per annum,

2.2. IMuture Demand Forecasts: Several efforts have

been undertaken during the past few years to assess energy
to tne year 2000. Twio of these studies have already been
publisned., The first was undertaken in 1976 by the
Spzcialized iiational Councils and is available in Arabic.
The second was completed in 1978 by a Jjoint Bgypt/US group
and is available in fnglish. A third study is still in
nrogress and is carried out by one of the working groups

of the Supreme Council for Lnergy..

Currently, Egypt is trying to establish adequate
capabilities which may help improve and update these
studies. In this area, much of international co-operation

is expected to be accomplished in the near future.

Total projected demand for primary comnercial energy
by the year 2000 is tentatively estimated at nearly 65
million tons of oil equivalent., This would be nearly 3.8
times the current primary commercial energy consumption,
or an average rate of consumption growth of nearly T.5%

per annum during the period 1580-2000.
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Table 1= Domestic Conswnaption
of main Pe*roleum Products

(1952-1981)

(Units = 1000 lietric Tons)

flatural | Buta- Gas | Fuel | Lubricants
Year Gas Gas Gasoline | Kerosine | 0Oil 0il & Asphalt | Totel
1952 - 4 252 665 3431 1754 39 30571
1960 - 20 262 736 786 | 2783 158 4785
1965 - 59 287 928 1124 | 2974 209 5561 |
1970 - 108 444 820 1176 | 3005 297 5850
1975 33 179 656 1188 | 1335 ] 3639 231 726l
1979 946 381 1148 1569 2175 | 4704 350 1127

1980/
1981 - - - - - - - 13500
Lst.
Table 2- Domestic Consumption of Electric Power
(1952-1981)
e
Year Power Consumption (million I¥wh) |
Peak Load
Thermal Hydro Total LM%4"—’J
|
1952 929 - 929 110 "
1360 2829 250 3079 533
=965 3262 1738 5000 750 |
i;z: o 2225 4690 6915 1100 (
. 3009 6

1980/1981 [ o199 173

‘Est, 8500 10000 18500 3600
__
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A rough break-down of the 65 million toe would be as
follows:

a- Demand.for electricity is expected to reach nearly
105 billion ¥Kwh based on the assumption that the per capita
share will increase from its current level of 450 ¥wh to the
world average of 1600 kwh. Expressed in terms of primary

energy requirements, this may range between 28-30 million toe,

A break-down of electricity demand is expected to be:

(1) Hydropower 15 billion kwh or nearly 14%. [
Currently, 10 billion kwh are provided by the existinf
hydropower system, An additional amount of some 5
billion kwh is planned to the year 2000. This is /
equivalent to nearly 1.5 million toe.

(11) Nuclear energy 40 billion kwh or nearly 38%.
(111) Thermal generation by oil, natural gas or imported

coal, 50 billion kwh or nearly 48%.,

b= New and renewable sources of energy (NRSE), other
than hydro and noncommercial, are expected to provide nearly
one million toe by 2000. If added to this, the above
mentioned 1.5 million toe of new hydropower, the total
commercial NRSE would account for about 4% by 2000.

c—- ﬁirect consumption of oil and natural gas is

: . dded
eXpected to be in the order of 34-36 million toe. If a

)



to this,thermal electricity goneralion walch i “oililice
at nearly 13-15 million toe, the totul oil and aniuml gas

3

requirements would amount to ncarly S0 uiilion too,

2¢3. Energy Supply: Several cner;y scurces nre oavailable

i K PRt 4.

in Boyot witn varying potentialities.  Jhce oot dnortant
oi tihese are oil, natural gas, hydronowe:r, solar, biomass,

coal ana wind.

2.3.1. 0il: Explo-utlon activitics hnve been initcncified
since 1973, and a number of new diséovcrios hovve added
nearly 2.5 bil llon buirels to proven reserveg.  L.ore shon
% 1100 million have been spent on oil cxploration during

973-1980. "Production of oil and‘natuvﬁl gas has increased
during the period 1974—1981.from 7.5 million tons to 32
million tons. riowever, as.previously mientioned, donestic
conswigtion during the same period has grown Trom 6,5 million
tons to nearly 13.5 million tons, and may reach ncarly 50

million tons by 2000. ’

2.3.2, latural Gas: Hecent exvlorction activities

o + 3 3
have resulted in the discovery of several fields of dry
~ o A e ; . . .
natural gas. A pipeline is already under construction to

. q—-")"t'y ™ ~ B LR o] > . . R , .
- gataer and utilize associated gas wihich has been increcsing

Wwith growing of . . .
g & o1l production. Hence, the amount of natural

688 produced ond utilizeq has rapidly increased from 33
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thousand tons in 1975 to nearly 2 million tons in 1980.

It is anticipated that natural gas will play an increasingly

important role in the energy mix. To accelerate this
role, the Egyptian concessions terms have been recently
modified to allow for more incentives to encourage foreign

conipanies to explore for natural gas.

2.3.3., Hydropower: Two thirds of the Nile hydropower

have already been utilized with the installation of nearly
2475 MVie at the High Dam and Aswan Dam. Ongoing plans

aim at the construction of a second station at Aswan and
the utilization of several minihydro sites along the
river, A pumped-storage project at Suez is being studied
with a view to meet peak loads, and the planned Qattera
Depression Project may provide additional capacity of

- nearly 600 MWe before 2000.

2.3.4. luclear Bnergy: Being cheaper to generate

electricity by nuclear reactors than by oil-fired
stations, Egypt plans to bulld nuclear reactors with

a total capacity of nearly 8000 MWe by the year 2000.
These would provide nearly 40% of the country's demand

for electric power,

Agreements for bilateral cooperation in the fileld

of peaceful uses of nuclear power have recently been
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concluded with France and the United Statcs. Legislative
measures are being taken to allocate nearly 8500 million
per annum from oil revenues to help finance the nuclear
réactors programme whose financial requirements may exceed
$20 billion during the period 1980-2000. Uranium,
thorium and other radioactive material have been
discovered in Egypt, but a great deal of efforts is needed
to evaluate the techno-economic feasibility of such
deposits and to explore for new ones. A special euthorily
for nuclear materials is being established under the
dhﬁiﬂaanship of the lidnister of Industry tc accelerate

suc.. 2ctivities,

2¢3.5 Coal: Few coal deposits were discovered in

AN . .y L j
Lgypt with estimated reservers in the range of 80 million

. ..
vons. Al-laghara coal mine in Sinai is being studied for

irmneds ate o , \ ‘7
umediate development and utilization (with nearly 35
milli i . }
on ton’reselves). 4 prograiame for coal exploration

in ; i 3
several areas is uncerway, and ogypt may soon be

liiporting coal for electricity generation.

Coal is already imported as g fecdstock for steel

industry i i
Y in amounts totalling one million tons at present

and are expected to reach 5.5 million tons by 2000.
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2.3.6. New and Renewable Energy: Egypt has very good
prospects in several new energy sources. The most
promising of these are solar energy and biomass. Wind
energy is available with good potentiality and geothermal
energy is being explored with a view to assess its

potentiality.

Section (4) of thisApaper will discuss these new

and reneviable energy sources in detail.

3- Inpstitutions and Policies

3.1, Up till the mid seventies, energy activities in
Egypt were handled on the production side by two separate
miniptries: The Ilinistry of Petroleum and the Winistry of
Electricity. All other energy consumers, public or private,
merely contacted either one for their needs and little was

done to coordinate such activities.

However, the alarming acceleration of energy consumption
since the mid aeventies, together with the global energy
developments over the past few years, have created a strong
recognition of the need for overall energy planning and
coordination. One of the top priorities has been to
enhance Egypt's capabilities for integrated energy enalysis
based upoﬁ both energy resources and production factors on
the supply side and energy consumption, conservation and

€conomic plannihg factors on the demand side.



In order to cdadress thesc issues - wuong other
deveiopment considerations - institutional changes vere
introuuceas:

3.2. The Procuction Sector: In :ay 19650 2 new

cavinet was establishied on Shie busig oi regrouning
minissriec into 3 main grouns, e i to be liended vy

a deputy prime minister., <Lhe Procuction Sector, wnich is
headed by the Deputy Prime Minister for Production and
Minister of Petrolewn, includes in its inembersiip the
Ministers of Electricity, Industzy, Agriculture,
Irrigetion, Troansporiation and Comumicasions, and

Military Procduction.

4 coorainated una integral ap roach to the guestions

T "mtT A - 5 N - + s : P ! -
O0f national sroduction is bein; an licd both at the

e
minlsterial level ond at the level of tnc operating
deportmen- o -
epartients and bodies. A Wecxly iaecting of the
Mlnisteriql Taq e o e .. D
al Production Comuittee, brings the member ministers

togethe 14 61y ~ .
gether to “iscuss all production policy matters. An0Dg

tne ke issu e . 4.
Yy 1l8sues, subject to dlscussion and policy-making,

are enexr:s quegsti o . . . »
©J questions of top priorities such as conservatior

and 'the : 3 o~ o ,
: cholce of new technologies proven to ve energy-

saving.
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Some of these issues had already been considered
and operative measures were taken; others have still to
be considered or reconsidered as the case mé.y be. In‘
brief, energy has become one of the top concerns of the
Production Sector and the energy-consuming sectors are

becoming increasingly aware of the energy impact and

‘related problems.

3.3 The Supreme Council of Energy: In 1979 decree

1093 was issued by the Prime Minister establishing the
Council as the top-level body responsible for energy.
Under this decreé, +the SCE, which is headed by the

Deputy Prime Minister for Production and Minister of
Petroleum, is given principal responsibility for planning
short and long-term energy programs and for addressing .
and bringing to the President's attention major issues
regarding ene:;:'gy. One of the major concerns of the SCE
is to develop a strategy and a plan for the period
1980-1990, The plan should address the resources,
production and consumption of energy needed to meet’
requirements of the econony, socio-economic development
and the conservation of energy. The Council is also impowered
to follow up the ixﬁplemenﬂion of the plan and to amend it
Whenever necessary. The Council's Rapporteur, who is the

Minister oi’ Electricity, is entrusted with communicating
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the Council's resolutions to the Prime Minister and other
concerned parties and with proposing the necessary

measures for implementing these resolutions.

In addition to the Chairman and Rapporteur, the SCE
includes in its membership the linisters of Industry,
Irrigation, Transport and Communications, Housing and
Reconstruction, Finance and Planning, as well as the
- President of the Academy of Scientific Research and

Technology and three selected members,

The Technical Secretariat of the SCE is respongible

for preparing the agenda of the Council and for coordinating
the efforts of three Work Groups entrusted with three

main areas of concern: Resources, Production and Consumption.
Each group is led by & rapporteur who is responsible fafthe
execution of the jobs entrusted to his group, The group
members are Primarily representatives of the member
ministries, but the group is empowered to entrust on a job
basis any study to any individual or organization. Since
the rapporteurs are 2lso members of the Technical
Secretariat there is assurance that the efforts of the

individual Workaroups will be coordinated, Moreover,

whe
never the need arises, a subcommittee within the Work

Grou
P8 1s established to address special topics of joint
Anterest, '
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The responsibilities of the Work Groupa are briefly

sumarized as follows:

3.3.1,

3.3.2.

Energy Resources Work Group:

preparing data about energy resources
avai}able in Egypt and carrying out studies
o predict fufure resource availability;
following up global developments in new,
nontraditional energy resouices;

proposing a plan for utilization of
traditional energy resources and carrying
out the studies related to it; and
proposing & realistic plan for utilization
of new expected energy resources, specifying

the priorities.

‘Energy Production Work Group:

studying different enmergy production plens;
and '

proposing plans for emergy production projects
during 1980-~1990 based on information about

available energy resources and demand.

Consideration is to be given to the balance

betweeh demend and production in light of
energy production economics for different
resourées. Varying assumptions about

resource‘availability should be made to
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consider the extent to which external
resources would be requircd to achieve

the required balance.

3.3.3, Energy Consumption Work Group:

- studying historical energy consumption of
the various kinds of energy for all sectors
and providing indications that may help to
estimate future consumption; and

- -carrying out studies that may help to
identify ways to conserve energy in

different sectors,

3ed. Energy Research and Development: Several bodies

énd institutions have been, for a long time, active hfthe
field of energy R & D. The most important of these
institutions are : universities, the National Research
Center and its Solar Energy Laboratory, the Egyptian

P .
etroleum Research Institute, the Agricultural Research

Ce
nter, etec, The Academy of Scientific Regearch and

Te g i
chnology has algo initiated specialized research council

ineclu
ding, among Others,the Research Council for Energy

Petroleum ang Mineral Resourceg,

Much
of the research activities of thesge ingtitutions

hag in r |
| ecent years been directeq to address the pressing
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need to develop new and renewable energy sources., The
national energy strategy entrusted with the SCE envisages
the provision of more additional financial and technicél

support to these institutions, as well as a stronger

degree of coordination.

Section (4) of this paper will describe in more

detail some aspects of these research activities.

3.5, NRSE in Application: Several ministries and

companies, public as well as private, are undertaking the
responsibility of demonstration and commercialization
activities in the field of NRSE. The most important
among these institutions is the Ministry of Electricity
which initiated several bodies to handle various aspects
of these responsibilities: a council headed by the
Minister to deal with policy matteré, an authority to
monitor implementation, and a compeny to manufacture
equipments, More recently, with financial support(of
the EEC, the Ministry of Electricity is undertaking

e feasibility study to establish an independent body for
NRSE,

4~ New and Renewable Energy Sources in Egypt,

Background Experience and Activities

A variety of new and‘renewable energy sources is
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available in Egypt. These include: solar, wind, hydro

and biomass. Other prospective resources encompasgs oil
and carbonaceous shales and geothermal which have yet to
.be evaluated. Several Egyptian institutions are active in
the field of new and rehewable sources of energy. Activities
cover the domains of research, developnent, demonstration

and fabrication of equipment.,

4.1, Solar Energy:

4.,1.0, Introduction: Because of its location and

dry climate, Egypt has a very high incidence of solar
radiation. In winter the sun shines for between 7 and
9.5 hours. In summer, sunshine is available for 12
hours. Direct solar intensity varies between 260 and -
420 cal/cm? - day in winter, and is‘about 710 cal/0m2 -
day in summer. Storms are the main causes of obstruction

of direct solar insolation.

4.1.1. Basic Studies: These éncompassed: resource

evaluation'and‘solar mapping as well as a number of deMgnaM
pPerformance studies on solar stills, solar heating,central
tower receivers systems, solar pumping, solar dehydrating

?efrigeration and solar equipment manufacture in Egypte
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4.1,2 Resgearch & levelopment Egypt has an extensive

R&D programme, basically in the solar energy laboratory of
the National Research Centre (NRC)in addition to the
universities and the Ministry of Electricity (ILIOE).

A) National Research Centre:

- Different ﬁodels of solar water heaters and solar
stills were designed, manufactured and tested.

- In collaboration with the Federal Republic of Germany,
a distillation plant incorporating five stills of
different designs is under investigation for performance
& economics.

- Various designs of solar concentrators have been

investiéated.These included:North-gouth fixed axis |
parabolic trough,vertical axis parabolic trough,heliostat-

parabokic dish combination designed for steam generation,
and combined parabola-cylinder—parabolic concentrator.

- Operation, testihg and development of a 10 KW power
generation plant through agreement with the Federgl

Republic of Germanye.

- With support from IDRC of Canada, a vegetables .

dehydration unit was designed, built and successfuiy:‘
OPerated completely by local efforts. o
- An ammonia/Water absorption cold store is in opéﬁaﬁiﬁh

in collaboration with the Federal Republic of Germanys

i
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- Investigation of CD and CD-TE solar cells by the NRC Solii-
State Laboratory and the Laboratory of Bellevue (France),

B) Universities: Egyptien universities are embarking on

extensive R & D programmes. In Cairo University investigations
are being carried out on field flat plate collectors, solar
concentrators and solar energy electro-chemical storage. Ain
Shams and Helwan Universities have recently started R & D
programmes on solar heating and dehydration systems, Alexandria
University is undertaking a programme including water heating,
dehydration, sea water desalination and has very recently
concluded an agreement with the University of Eindhoven
(Holand) for semi-manufacture of solar silicon cells and
modules assembly as a start for the manufacture of soler
cells in Egypt. El-llinia University started in 1978 an

R & D programme for ¢rop drying and theriiochemical hydrogen

production.,

C) Ministry of Electricity: Through cooperation with"CEA"Of

Fran ;
€€, a solar heliothermic laboratory for the evabuﬁiml°f

flat-
plate solar collectors Performance has recently been

establi .
ished, Besides g heliometric 1lab for the assesmmmt°f

golar and wj
vin
ind resourcesg are in operation sgince two years

together wi ' .
“Ath b mobile recording unites in aifferent eites o

Egypt. mp :
¢ MOE ig alge testing solar water heaters under

different Egyptian climateg,
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out
In addition, few investigations are beinz carriedfon sucha

aspects as the effect of environmenial conditions on flat

photovoltaic panels and evaluation of night cooling

phenomenon.

bels3 Demonstrgtixn1Progects: Several demonstration

projects are exccuted or planned by various institutions
in orcer to enhance the public awareness, train tecanical

personnel and above all to assess the teciinical and

socio-econimic feasivbility of the new tecihnologies under
actual Egyotian conditions.

A) llinistry of Electricity :

- The 1I0E has imported 1000 solar water heaters of
differeﬁt types and sizes and distributed them on rental
basis with very soft terms of payment to‘encourage
Public use of golar water heaters.and promote market
penetrationé. |

- ‘Through bilateral cooperation with France, three
heaters with capacities of 150,1500 and 5000 liters/day

were instslled at a hospital in Cairo .

- The Egyptian~French agreement included also the
supply joint installation,operation and testing of':

e A solar reverse osmosis desalination plant with a

capacity of 60 cu,m,/day fresh water has already

starfed operation at al Hamrawain phosphate mining site

on the Red Sea coast.
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e 4 10 kw sofretes deep freezing unit operated by solar
power is installed at the High Dam Lake in Aswan for
fish preservation. The cooling water of the plant is
used for irrigation of the adjacent areca.

- The cooperation agreement oetween LIOE and the Federal

Republic of Germany includes:

» 10 kw photovoltaic demonstration plants asg follows:
2kw irrigation pump, 2 kw desalination plant, 2 kw
water purification plant, 1 kw drinking water pump,
0.12 kW 2 sea bouys,0,03 kKW television set,0,5 kW
spraypant, l.3 kw food cold store ana 1,26 kw water
elgctrolysis unit. Some of these are already in
Opreration.

+ A 50 kw solar absorption air conditioning system for
& section of a hospital. |

B) The National Research Centre g

- The Federal Republic of Germany through the IIRC hed
donated 80 solar water heaters of 120 lit /day capacity

which were installeqd in a village in the middle of the
Delta,

In the context of its rural development programme in

the Governorate of Gize, the WRC started demonstration

of a dehydrition unit in one of the Giza villages.
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C) American University at Cairo (AUG)

The AUC'has two solar demonstation projects:
- El Basaisa Project: through cooperation with the
U.S. National Science Foundation, the AUC introducted
differeﬁt solar devices in the village of Basaisa.
Social studies are also going side by side with khe

training of villagers in the use of these techniques,

- Sadat‘City Project: Sadat City 4is one of

the new desert citiea intended to absorb
portions of the increasing‘population.' The AUC in
cooperatioﬁ with the MOE initiated a demonstration
project oh 200 acres. The object is to demonstrate-
the possibiiity of meeting the energy requirements
of small and medium-sized farms as well as small agrq-
industries entirely from renewable energy sourceg

including solar, biomass and wind systems.

4.1.4. Hanufacturing Capabilities: Four firms for

producing solar water heaters have started their activity
within the last twd‘yeais. The rated capacity of each is
about 3000-4000 heaters per year. Heater capacities

vary from 150 to-500 lit/day.

4.2, Wind Energy:

4.2.0 Introduction: Egypt has several locations with

average daily end annual wind gpeeds high enough to be
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considered for the development of wind-power generators, The
available data indicate that llersa llatruh region on the
Mediterranean Sea has an annual averge wind spced'ofzmmm
20 Km/hr and the Hurghada region on the Red Sea coast has an

annual average wind speed of about 22 Km/hr.

4.2,1 Basic Studies: The llinistry of Energy and

Electricity together with the University of Qklahoma with
support from U.S, Aid have conducted a research programme 10
measure wind speed and duration in Egypt. This programme has

two phases,

Phase one had been under way since 1972 and wasg basically
& resource availibility study. It dealt mainly with the
gathering of existing wind data to select the promising areas
for wingd energy exploration. Phase two started in l9ﬂ3ﬁnd
dealt mainly with measuring wind speeds and duration in some
preselected location., Such measurements have been done in
Mersa Matruh » Ras E1 Hekma, Sidi Abdel Rehman along the north

coast (Mediterranean), Safaga, Hurghada and Ras Gharib along

the Red Ses coast.

Several basic studies concerning design performanceof
different wing mills and generators suitable for electricity
generatlon under the unsteady wind conditions are underway &b

Cairo sAlexandrisg and Helwan Universities.



4.2.2l

- 25 -

Rescarch & Development:

= The lMechenical Engineering Laboratory of the
HRC together with the Intermediste Techinology and
Development Group (IYDG) in U.K. are undertaking

a project to develop a new design of a wind-turbine
driven water puwap of the low 1lift typne for
irrigation purposes. Il.odification and development
include facilities for local manufacture of the

prototype, site selection for installing the

" prototype, and preliminary testing under the

field conditions. The tests aim at determining
the performance capabilities and identifying the

development needs.

- A project to select and test the most suitable
commercially available type of wind mills under
Egyptian climate. The main object is to introduce
the necessary design changes in the selected type
in order to facilitate 1its local manufacture,

This project is a joint work between the Ministry

of Electricity and Cairo University.

Several other experimental and basic research
studies on laboratory scale are being conducted

at the universities.
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4.2.3. Demonstration and Manufacture: The Manufacture

‘of wind mills in Egypt started in the early sixties

when the Helwan Company fo-r Military and Civil
Industries built almost 1000 wind powered irrigation
pumps (with a turbine diameter of 2.45 m)., Most of
them have been installed and demonstrated along the
north west coast. Some weakness in the design
coupled with the lack of maintenance have caused the

production to cease,

4.3. Hydropower:

4.3.1. Large-Scale Schemes: Egypt has long experience

in the field of large scale hydroelectric power
schemes. This is manifested by the fact that about
55% of the present electric energy demand is supplied

through hydroelectric generation.

The existing hydroelectric power facilities on the
Nile River are at the High Dam ang the Aswan Dam
with installeq capacities of 2100 and 345 MWe
Tespectively, Currently two thirdsof the
available hydropower gre utilized, Existing plans
include Aswan IIHydropower Station with 270 Mie
installeq capacity. The Qattara Depression Project 3
currently under study ang may be constructed with absse |

capa
pacity of 600 MWe before 2000, Moreover, there is
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potential for pumped-storage generation on the
Red Sea. A capacity of about 2000 MWe in the
Suez area has been investigated and found

feasible for development.

4.3.2. Minihydro. Power: Agriculture in Egypt depends

rmainly on the Nile River with its branches,

major and minor canals. In some places in the

Delta, the intakes $o the main canals are operated
. at such heads which would reasonably allow smali-

scale hydro power installations.

A series of tests have been carried out and
relevant data have been collected and analyzed
covering about 34 possible sites. The . preliminary
techno-economic assegsment. indicated that a total .
Vproduction of‘250 gwh per annum may be developed
at competitive costs. TIwo thirds thereof,
represented by sites of Damiette and Rosetta
branch barrages, Zefta barrage and Dairout Drain
barrage, refer to heads in the range of 3 to 5meters;
which can be harnessed with conventional turbines,
However;‘at'another 10 gites of heads in the

range from 1.3 to 2.1 m, the only economically

justifiable layout appears to be with " Water

Wheel " turbines, mounted immediately downstream

of the gates of the present 1ntakes.
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4,4 Biomass Energy

4.,4.0 Introduction : Egypt has a good denl of cxperience in

the production of alcohols and acetic acid by fermentation,
At present, some 76000 tons per annum molasses are ferneted to
ethanol and acetone/butanol for hospitel and speciclized use
rather than for fuel uses. Its use as fuel undcr the current
local energy pricing system would hardly be justifiables the
main activities in the field of biomass energy are presently

concentreted on biomethanation relating to '3iogas' systens

for rural areas use.

The major sources of enersy aveilable to most kgyptian
villages are the non-commercial .sources (dung cakes and

agrlculﬁyyal‘wastes), vwinich are estimated to have provided
one-fifth )

about fof the totol energy conéumptién in Bgypt in 1975. The

resent 1 0 in B - i i
p use of biomass in Lgyot often involves open fire

I * . .
whaich is inconvenient for use and pose a health hazard due

to heavy comecentration of smoke in the building. Consequentlys

rural people tengd to switch to kerosene or butane stoves as

soon as fi o
finances permit, In fact, there is a significant

demand ] i
’ on commercial energy sources in rural areas, and

conswnpti
iption of petroleum products is increasing very repidlys

almost i
doudbling every 6 years. Tt is worthy to note that

these .
petroleun products are very heavily subsidised by the

government,

Agro and i :
food 1ndustrieg Wastes are another source.

Substanti it
» al quantities of urban refuse and sewage are also
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avallable and can be used ag an ener;y source.

4.4.1 Basic Studies : A number of basic studies are

conducted by the National Research Centre (WRC) and the
Agricultural Research Centre (ARC) to examine the technical,
social and economic feasibility of biogas systems.

In the KRC a rough estimate was made of the biogas that
could be produced by utiliéation of crop residues already
used as energy sources as well as animal .and human wastes
aveilable in Lgyvtian villages. This indicated that the
blogas could provide the major portion of the residential
rural enersy requirements, i.e.substiuting for all the
non-commercial sources as well as kerosene and butagas.
Turthermore, an additional amount of organic fertilizer
equivalent to more than 12 million tons of farm yard
nanure would bde produced,Which would otherwise be lost
through the direct burning of crop residues and dung cakes.,
This is also very important since 1t is estimated that the
dresent deficit in farm yard manure in Egypt of more than
80 million tons per year.

Preliminary cost-benefit analyses indicate that rural
biogas systems may be feasible under certain conditions;
particularly if the unit is connected directly to both the

latrine and animal shed. Under these conditions,a payback



rears is onticipated .

4.4.2 Res =rch and Daveleopmont: Alilough laboratory

aenle worx on the anccerobic Termentation of cnimal vastes

gvpt in the fifties, reccarch endcavours on

L

started in
biogas production from agricultural animal und huwaen westes
was only intensified in universities and rescarch institutes
since the early seventics,

A great ¢eml of multidisciplinary R&D work was conducted
in tae HERC since 178 as a component of a national R&D and
demronstration programme financinlly supnorted by the U.S.

Aid,

Consiierable digestibility research .sork wag done %0

n
o
@]

teriiine optimum conditions conducive to greater efficieac)

7 eat de M I ~ - 3 !
highest pathogens destruction rates and diminishing the

effeet of toxic ang inhibitory materials. Various substrates
including cow dung, sewage and agricultural wastes (Weeds,

wa vaci . :
ter.hdaCinthgnaize and cotton gtalks) were investigatﬂiat

diff(} Pernt g el - . .
Tent mixing ratios, organic loading and temperature.
Cert in . e . .
in pretreatments including pre-conposting were 8lso
exanin : At
ed. Labor'.;tOIy I‘esearch was es \‘/ell conducted on .two

relevant [ :
Provlems: the selective inhibition of hydrogen
sulphide 1 S L3
bhlde, and destruction of ova and embryos of ascaris.
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A sizable portion of work was done on the evaluation of

digested products as fertilizer and soil conditioner: As

well as on their handling, storage and application.

The engineering and development work was directed

tovards design, construction, operation and testing of
three famiiy -gsize prototype units at the demonstation site
of the National Research Centre as well asg development of

local appropriate gas-use devices. The first prototype unit

is & fixed roof 10 m7 rectangular digester of Chinese design.
the second is a 6 m> cylindrical wide, shallow type dome-roofed
Chinese digester. It is anticipated, after the experience
gained with construction of the second prototype and itg
successful operation for almost a year, that this type has

good prospects as a family-size unit in rural areas of

Egypt. It presently costs around Us $300 using locally
&vailable materials and skills. The third prototype unit,
Which has been recently constructed, is a new adapted design
combining the features of both plug flow and the Indian .
Movable cap types. Its effective gize is about 7 m3 and
tosts around $500. Provisions for solar heating of feed
Water, composting of the digester effluent on the top of

the plug flow part, and attachment to both a latrine and

o animal sk.led were incorporated in the unit. This type

Scems readily expandable to the community size.
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The National Regecarch Coentre deuonsir . tion site, with oll

ystems pregent, 1o nlso utilizce for training

ot
e
-
®
o
[N
O
)
&}
()’1

as well ns for publicicin~ the biorns teciinolgy,

Thirty - three units 0.31;13 encin or votia the Chinese
fixed dome and the Indian movable g:iis .olccer types are
being tested under various opcriiiing: conditions oy
the Apricultural Reseurchh Cenire.

4o4.3 Demonstration: Few iiclc dononstr: tions have

Already otorted to ooe s Ena tocl

A e wrd iyt - . AR !
gocinl Lis o7 bio ag tecthinole o ey vl nrens of

T -
Boypt.

.
s TTIY oL
Le Ul couonghr :

- N MY e A v e N feq - £
JLON Do YaiLas gliaried vich o
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Lily size units (10 cu.m, eaciy) o the Tndian ond Chinese

trpes in o :
VI o trocitisnal vi Llege dn Gino, The necul; developed

LJA‘”T\'IL;lh Ty e ] e e o
&V vype will also be Geaons e oo o 4 couuaunity-scale

consiceransion as vell,

m . Core . ’ . .
‘the iinistry o anrlculiure has olgo inisiasced a
locally funced ¢
ALY o Yunded dern tratio >
clensiretion prosroiiie.  Three 10 md

i G Nave ] o a e : iditi
U8 ave beon recently installed, in additlon

ed to o chickeg farn

(t he gas is usced for heatin: the chicken ¢hambers).
lecently, the FAQ hes strenstheneqg tiicse activities by
releasing o "pepn pProject for one vear whereby-SO blogns
units will pe constructed ang demonsiras
1omnsy

AoCU,
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4.5, Qil And Cmrbonaceous Shales: 0il shale deposits have

been located in four places, but no reserve estimates have been
made., Available data indicate that the shale is of low

quality and could be exploited only if there were a severe

lack of alternatives.

Some carbonaceous (lignitic or coaly) shale is also
available in limited quantities but it has not been evaluated

for extent of reserves of potential uses.

4.6, Geothermal Energy: Very limited information is

currently available on the extent of geothermal energy sources
in Egypt. Its potential, hovvevér, has been noted by the presence
of hot springs on the east and west sides of the Gulf of Suez
end in several cases by higher than normal heat flows along the
west coast of the Red Sea, by hot wells in the Western Desert,
by evidence of extinct geysers east of Cairo toward Suez, by
mineral springs in the Helwan area and evidence of extinct

hydrothermal ectivity in the Qatrani area,

The Egyptian Geological Survey and Mining Authority in
collaboration with Southern Methodist University undertook
&2 year joint geophysics project. Results indicate that most
Promising areas for geothermal development in Bgypt are along

the Red Sea coaste

4.7 Potential Applications: In a recent joint Egyptien/

U.8, ATD agsessment of Trenewable eneIrgy resources and priorities,

‘Some areas with good prospect for application in Egypt have been
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4.5. 0il And Carbonaceous Shales: 0il shale deposits have

been located in four places, but no reserve estimates have been
made, Available data indicate that the shale is of low
quality and could be exploited only if there were a severe

lack of alternatives.

Some carbonaceous (lignitic or coaly) shale is also
available in limited quantities but it has not been evaluated

for extent of reserves of potential uses.

4.6. Geothermal Energy: Very limited information is

currently available on the extent of geothermal energy sources
In Egypt. Its potential, howevér, has been noted by the presence
of hot springs on the east and west sides of the Gulf of Suez
and in several cases by higher than normal heat flows along the
Wwest coast of the Red Sea, by hot wells in the Western Desert,
by evidence of extinct geysers east of Cairo toward Suez, by
mineral springs in the Helwan area and evidence of extinct

hydrothermal activity in the Qatrani area.

The Egyptian Geological Survey and Mining Authority in
collaboration with Southern Methodist University undertook
22 year joint geophySiCS projecte. Results indicate that most
Promising areas for geothermal development in Egypt are along

the Reg Seé. coagte.

4.7 Potential Applications: In a recent joint Egyptian/

U.S. AID agsessment of renewable energy resources and priorities,

‘Some areas with good prospect for application in Egypt have been



jdentified. These ares

L. Solar domestic water heating,.

é. Solar collectors for industrial process heat,
3. Solar desalination.

4. Rurel biogas digestors.

5e Photovoltaic for remote application.

6. Passive solar architecture for new settlements,
Te Solar flat plate collectors for refrigeration

and cooling,
8. Wind systems for water pumping and electrical

generation,. -

4.8. Future Work in the Field of NRSE:

Future work in the field of NRSE will involve
technical and economic assessment of technologies and theil
wide implementation under local conditions. Among other
things,this would include institutional restructuring thet

better meets the future needs,establishing a reliable daté

base as well as intesifying and.-widening educational and

training programs,

The following is an outline of the areas that are of

spe
pecial importance in the future R+D+D program:

1-E e

nhanoce designing and local manufacturing capability of
b g -
lat-plate solar heaters for domestic hot water and I’I'ehea'Jciﬂg

in industrial Processeg,
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2- Design and construction of solar thermal systems to

replace conventional energy sources for industrial processes

heat,including the enhancement of industrial capabilities of
moderate temperature solar collectors (100 € - 250 Q).

| J- Demonstration and development of different bioclimatic -

building designs to suit the different climates and cultural

conditions,

4- To enhance the Egyptian capabilities to design,construct

end operate solar desalination plants on the Mediterranean

and Red Sea coastg,

5- Development of solar drying of agricultural products,

b~ Technical and economic assessment of solar-wind power

generation system for different applications with emphasis

on demonstration plants in remote areas.

7- Technical and economic assessment of available solar

pumping systems including demonstration testing under Egyptien

conditions.

8- Investigation of direct and indireoy utilization of
solar energy for hydrogen productions

9- Production of less costly photoveliaie cells,and

investigation of the most appropriate storage systems,

10~ Investigation of the feasibility of polar pond systems

in Egypt.

U~ yse of municipal wastes and gerbage for biogas

Production in big citiese

L2 4 biogas pystetis, incorporating

Investigation of integrate
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algae, fish, and fertilizer.

13- More active demonstration of small biogas systems in

rural areas.

14- Energy farming in semi-arid and arid land,

15- Amelioration of alcohol productivity from agricultural
wastes including,beside other aspects, the bio-conversim

of the lignin component of the wastes.
16- Studies on the most proper types, and designs of wind
energy systems for water pumping and electricity generaiit:
1L7- Assessment ot o0il shales and tar sands in Egypt.

18- Feasibility study on the prospects of geothermal energj

in Egypt.

5~ HMajor Constraints and Policy ileasures

5.1, Technologically,Egypt has a wide and diversified
eXpereince in the field of conventional energy as vell as in

Sseveral fields of HRSE, Soler energy research has been going

in i it T
unlversities and specialized Laboratoriecs for over 25 yeer™

Bin rr .
omass and wind energy have also received special attentiol

Howev : ey 4 y
er, the energy lmpact of recent years has created an

urge : .

gent need to intensify and redirect research and development
activitij

tivities to meet the fasgt accelerating future enerEY‘mmmﬂ&

5.2, Several constraints to the new course may be

mentioned in briefs

5.2.1, i
L. Under the present energy system, the priciné

of petroleun Products is characterizeg b

a great deal
of rigidity. g &

Domestic prices 4o not exceed one third



- 37 =

of the international energy prices and for some products

like fuel oil may not exceed 10%. Tacit subsidies in

domestic o0il consumption are estimated at § 2330 million

for 1980/1981l, iluch has to be done in restructuring

tne energy pricing system, but there are serious

obstacles that need first to be tackled:
(a) Since most wages and prices of necessary
commodiﬂfies are controlled by government actions
us a measure against inflation, wages and costs
nave to be reconsidered to mmtc.. nd balance energy
price restructuring. This problem is receiving
utmost consideration at all political and social
levels,
(b) Phe lack of alternative energy sources. Solaw
water heating,which is being developed at a fast
face, may only provide partial help by offsetting
part of the ever increasing butagas consumption.
Butagas consumption, which is partly imported and

subsidized, has been growing at an annual rate of

about 20%.

The fast development of natural gaé may also help
relieve the‘problem but it does not offer a long-range

solution in view of its depletable nature.
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Despite these obstacles, a partvial restructring of
o1l pfices has been initiated curing 1980, IToxr certain
nrojects whose products do not aifcct taec low-incoie
classes, o prgsed-out systeil to oring tihc prices of
energy requireuents up to tac world level in 5 years hag

4

and acceptea by the »nrojccts managers.

(0]
o

peen adont

Prurallel measures are being consicderad io oring all
energy prices to tiae required level witlout afccting the

real dncoies of the low-<ncone classcg,

—

De2e2s The Toct thot Lovpt hng not inced in the past
& Severe evergy crisis, and th'3 oil hnd been available

.L.(‘ [Che! "‘rx SRR _"J' - Ry . s T
OLEil cunntities to .iect %o relatively low level oI

conswaptior ninderc : Iy
HSWapvlon, nindercd to soue estent Lhe pace of encrgy

a8sesal E ana - . . B CHUNP
SSLIenNT Lng T)].um.llll’l “ovv'.j, tne C;l&llcllce 15 occo"jln{.‘)

sreater and &) paoh ¢ e
greater end the pasi policies ore increcsingly changinge

Seni i3l s
or officinls vnd “hein stalfs exnibit a high level

O"’“ W inke ) t .
toawareness about the major policy issues and are highly
uedicated ang 3 NI

caved and couvetent, And,as was mentioned before,

E[A'\ O‘t hgs -t-\"._— A LI i
GII “a€n 1mnortant steps in integrating its economic

goals Wit,h 1ts energy vrospects by the establisiment of P4
Supreme Council of Inerpgy ang by regrouping several miniStries
in form of g Production Sector , both under the chairmanshi?
of one Deputy Prime winister. jhat may make it easeir 10



- 39
to

plan and fimplement, is +that the greater part of economic

and development activities is undertaken by public

sector personnel who can easily comply with public policies,
once ratified by public authorities. ILucky enough, a great
deal of development projects and housing reconstruction
program, including the establishment of several new cities,
is to be acheived i1in the future, . hence the chance is

there to choose the energy-saving technologies,

The energy assessments carried out to date have to be up-
dated and an energy data system is being considered to meet
the new réquirement S. There is a great chance in this area
for regional and international coopération, part of which
has already started on a bilateral basis. Needless to
say that the Egyptian infrastructre in the feild of energy
research and development and manpower training could serve
as a gsolid base for new regional energ:;y centers pnce the

technical and financial support is available in adequate

amount s,

5.2.3. In brief, the need for comprehensiveenergy
Planning centers around a number of critical issues that
Mst be addressed in the context of & broader national

Perepective., These issues include among others :
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(a) Subgidies in energy priccs and the nced to
restructure these prices within the specilic
framework of economic and social structurc that
prevail in sgypt.

(b)  The role of energy in tic cconomy.

(ec) Planning for the development of ncw and renwable
resources of ecnergy.

(d)  Vays and me ns to effect encrgy conservation.
(e)  Investment in power goncrating capacity and

the need to replace oil in this ficld by other cheeper
sources of electricity generation.

() The need to accelerase regional and internctional
cooperation in the above fields, taking into
considerations the special qualifications of Egypt as

& member of both ECA ang ECVWA,





